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Smooth	surfaces	 --	 --	 --	 0.05	 --	
Basin	floors	 +1.5	 -67	 -0.170	 1	 --	
Basin	walls	 +0.5	 -33	 -0.065	 1	 +20	


































Taylor	Glacier	 TAR	 LB	 -77.740	 162.128	 334	 ice	 1994-95	
Lake	Bonney	 BOY	 LB	 -77.714	 162.464	 		60	 soil	 1993-94	
Lake	Hoare	 HOE	 LH	 -77.625	 162.900	 		72	 soil	 1985-86	
Canada	Glacier	 CAA	 LH/LF	 -77.613	 162.963	 264	 ice	 1994-95	
Howard	Glacier	 HOD	 LF	 -77.671	 163.079	 472	 ice	 1993-94	
Lake	Fryxell	 FRL	 LF	 -77.611	 163.170	 		20	 soil	 1993-94	
Commonwealth	Glacier	 COH	 LF	 -77.564	 163.280	 290	 ice	 1993-94	
Explorer’s	Cove	 EXE	 LF	 -77.589	 162.418	 		26	 soil	 1997-98	




































































































𝑑𝑉𝑑𝑡 = 𝐴 ℎ 𝑑ℎ𝑑𝑡 , 9 	
allows	Equation	(7)	to	be	rewritten	as:	



























	 	 Lake	Basin	 Source	 Period	of	Record	 Notes	
1	 Santa	Fe	Stream	 LB	 Taylor	Glacier	 1993-2000	 A	
2	 Priscu	Stream	 LB	 Lacroix	and	Sollas	Glaciers	 1993-2013	 B	
3	 Lawson	Creek	 LB	 Rhone	Glacier	 1994-2015	 	
4	 House	Stream	 LH	 Seuss	Glacier	 1993-2012	 	
5	 Andersen	Creek	 LH	 Canada	Glacier	 1993-2014	 	
6	 Green	Creek	 LF	 Canada	Glacier	 1990-2015	 C	
7	 Canada	Stream	 LF	 Canada	Glacier	 1990-2015	 C	
8	 Delta	Stream	 LF	 Howard	Glacier	 1990-2015	 C,	D	
9	 Crescent	Stream	 LF	 Crescent	Glacier	 1990-2016	 E	
10	 Huey	Creek	 LF	 Asgard	Range	glacier	 1993-2014	 	
11	 Aiken	Creek	 LF	 Kukri	Hills	glacier	 1991-2015	 C,D,E	
12	 Von	Guerard	Stream	 LF	 Kukri	Hills	glacier	 1990-2015	 E	
13	 Harnish	Creek	 LF	 Kukri	Hills	glacier	 1997-2015	 C,D,E	
14	 Lost	Seal	Stream	 LF	 Commonwealth	Glacier	 1990-2015	 	






























































































































Bonney	 0.086	 12.0	 	-0.48	
Hoare	 0.121	 13.3	 		0.12	



































































All	glaciers	 All	years	 		-7	 --	
All	glaciers	(except	lower	Canada	Glacier)	 After	2008	 -30	 --	
Lower	Canada	Glacier	(e.g.	Green	Creek	Catchment)	 --	 -7	 --	
Fryxell	basin	glaciers	(except	Canada)	 --	 --	 1.00	



















			M1	 0.177	 0.578	 20.46	 0.907	 28.80	
			M2	 0.473	 0.714	 16.36	 0.726	 23.57	
			M3	 0.634	 0.766	 13.64	 0.605	 17.62	
M3.1	 0.763	 0.845	 10.97	 0.487	 14.44	
M3.2	 0.769	 0.846	 10.83	 0.480	 14.13	
				M4	 0.794	 0.843	 10.24	 0.454	 12.71	








































































Bonney	 6,840	 5.00	 Fountain	et	al.	2004	 0.870	 29.8	
	 --	 5.30	 Pettit	et	al.	2014	 --	 31.5	
Hoare	 24,355	 0.97	 Telling	et	al.	2017	-manual	 --	 20.6	
	 --	 1.50	 Telling	et	al.	2017	-	automated	 --	 31.8	





























































	 W	 S	 S*	 AS	 AA	 S:AS	 AS:AA	
Bonney	 0.170	 0.198	 --	 0.368	 0.494	 54	 74	
Hoare	 0.106	 0.139	 --	 0.244	 0.887	 57	 28	
Fryxell	 0.110	 0.109	 0.049	 0.159	 0.654	 24	 24	
















































Bonney	 0.30	(±0.03)	 16	 8.0	 1.8	 2.4	 1.5	
Hoare	 0.22	(±0.03)	 10	 5.0	 2.3	 1.1	 2.1	
Fryxell	 0.20	(±0.03)	 19	 9.5	 1.4	 1.9	 1.8	
































	 Stream	 Direct	 Sub-
aqueous	
Total	 Stream	 Direct	 Sub-
aqueous	
Bonney	 6.92	 15.29	 	0.32		 22.21	 30	 69	 1	
Hoare	 1.39	 		4.55	 	0.32	 		6.25	 22	 73	 5	
Fryxell	 9.39	 		3.66	 	0.00	 13.05	 72	 28	 0	























	 I	 L	 ΔVNET	 AL	 AC	 M	 Δh	 Δz	 Δz:Δh	
	 [x106	m3]	 [x106	m2]	 [m]	 [-]	
Bonney	 8.78	 9.85	 -1.07	 4.38	 52.69	 0.028	 -0.245	 -0.237	 0.965	
Hoare	 2.32	 3.32	 -1.00	 2.10	 5.19	 0.075	 -0.476	 -0.417	 0.875	
Fryxell	 2.72	 7.10	 -4.38	 6.88	 16.75	 0.027	 -0.636	 -0.596	 0.938	
	 Post-2002	
	 I	 L	 ΔVNET	 AL	 AC	 M	 Δh	 Δz	 Δz:Δh	
	 [x106	m3]	 [x106	m2]	 [m]	 [-]	
Bonney	 28.65	 17.96	 10.69	 4.38	 52.69	 0.049	 2.439	 1.752	 0.718	
Hoare	 8.37	 5.77	 2.60	 2.10	 5.19	 0.147	 1.188	 0.868	 0.730	
Fryxell	 22.31	 11.62	 10.70	 6.88	 16.75	 0.121	 1.529	 0.745	 0.487	



































































































































































































































































































































































































































































































































































































































































MCD43A3	αvis	 0.3-0.7	 --	 	
MCD43A3	αsw	 0.3-5.0	 ±7	 RMSE	(this	study)	
LICOR	LI200S	α	 0.4-1.1	 ±5	 Instrument	used	at	CAAM;	adjusted	by	8%	
Eppley	PSP	α	 0.2-3.5	 ±7	 Instrument	used	at	TARM,	HODM,	COHM	




























































Year	 	αTARM	to	αMODIS	 	αCAAM	to	αMODIS	 	αHODM	to	αMODIS	 	αCOHM	to	αMODIS	
2000	 0.06	 0.04	 (93)	 0.10	 0.08	 (111)	 0.41	 --	 (34)	 0.10	 0.08	 (114)	
2001	 0.07	 0.04	 (103)	 0.11	 0.08	 (111)	 0.24	 0.25	 (85)	 0.08	 0.07	 (114)	
2002	 0.07	 0.05	 (90)	 0.12	 0.11	 (85)	 0.18	 0.06	 (64)	 0.12	 0.12	 (116)	
2003	 0.04	 0.03	 (102)	 0.10	 0.06	 (96)	 0.15	 0.12	 (87)	 0.07	 0.05	 (111)	
2004	 0.07	 0.03	 (88)	 0.11	 0.08	 (85)	 0.17	 0.09	 (67)	 0.10	 0.09	 (116)	
2005	 0.07	 0.06	 (111)	 0.09	 0.09	 (97)	 0.17	 0.07	 (69)	 0.08	 0.07	 (120)	
2006	 0.07	 0.06	 (107)	 0.09	 0.07	 (103)	 0.19	 0.13	 (89)	 0.12	 0.11	 (117)	
2007	 0.07	 0.06	 (107)	 0.09	 0.06	 (87)	 0.25	 0.18	 (49)	 0.10	 0.08	 (117)	
2008	 0.06	 0.06	 (113)	 0.10	 0.06	 (104)	 0.17	 0.12	 (68)	 0.12	 0.11	 (104)	
2009	 0.06	 0.06	 (103)	 0.11	 0.09	 (92)	 0.19	 0.07	 (81)	 0.08	 0.06	 (114)	
2010	 0.07	 0.04	 (104)	 0.14	 0.04	 (91)	 0.23	 0.07	 (79)	 0.07	 0.06	 (107)	
2011	 0.08	 0.06	 (112)	 0.12	 0.11	 (108)	 0.30	 0.28	 (95)	 0.09	 0.08	 (120)	
2012	 0.08	 0.06	 (85)	 0.15	 0.13	 (73)	 0.40	 0.32	 (78)	 0.12	 0.12	 (110)	
2013	 0.08	 0.06	 (115)	 0.08	 0.06	 (105)	 0.25	 0.25	 (87)	 0.12	 0.12	 (120)	
2014	 0.09	 0.07	 (112)	 0.11	 0.09	 (101)	 0.32	 0.31	 (71)	 0.19	 0.19	 (119)	
All		 0.06	 0.04	 (103)	 0.08	 0.04	 (97)	 0.12	 0.06	 (74)	 0.08	 0.07	 (115)	










































































































































	 	 Model	w/	station	albedo	(M1)	 Model	w/	MODIS	albedo	(M2)	
	 Stream	 E	 r2	 nRMSE	 CE	 E	 r2	 nRMSE	 CE	
1	 Santa	Fe	 -0.15	 0.33	 1.07	 2.82	 -0.15	 0.33	 1.07	 	2.82	
2	 Priscu	 	0.02	 0.78	 0.99	 1.53	 	0.49	 0.75	 0.71	 	1.04	
3	 Lawson	 -0.16	 0.88	 1.08	 2.01	 	0.14	 0.88	 0.93	 	1.75	
4	 House	 	0.19	 0.82	 0.90	 0.30	 	0.42	 0.77	 0.76	 	0.25	
5	 Andersen	 -0.14	 0.83	 1.07	 1.62	 	0.28	 0.81	 0.85	 	1.31	
6	 Green	 	0.69	 0.94	 0.56	 1.13	 	0.96	 0.97	 0.19	 -0.05	
7	 Canada	 -0.24	 0.88	 1.12	 3.32	 	0.19	 0.89	 0.90	 	2.76	
8	 Delta	 -0.39	 0.74	 1.18	 1.49	 	0.77	 0.86	 0.48	 	0.60	
9	 Crescent	 -0.51	 0.73	 1.23	 0.76	 	0.11	 0.59	 0.94	 	0.60	
10	 Huey	 -0.32	 0.46	 1.15	 0.40	 -0.30	 0.63	 1.14	 0.40	
11	 Aiken	 -0.48	 0.76	 1.22	 3.12	 -0.41	 0.71	 1.19	 3.05	
12	 Von	Guerard	 -0.60	 0.74	 1.27	 1.05	 -0.56	 0.62	 1.25	 1.04	
13	 Harnish	 -0.46	 0.64	 1.21	 0.47	 -0.40	 0.62	 1.18	 0.46	
14	 Lost	Seal	 -0.31	 0.66	 1.14	 3.61	 	0.14	 0.74	 0.93	 2.92	
15	 Commonwealth	 -0.85	 0.66	 1.36	 5.17	 -0.41	 0.76	 1.19	 4.61	
	 All	 0.18	 0.58	 0.91	 28.80	 0.47	 0.71	 0.73	 23.57	
	 	 	 	 	 	 	 	 	 	
Table	B.2	Results	from	model	runs	M3	and	M4.	See	caption	Figure	B.1	above	for	details.	
	 	 Model	albedo	-7%	(M3)	 Model	adjusted	(M4)	
	 Stream	 E	 r2	 nRMSE	 CE	 E	 r2	 nRMSE	 CE	
1	 Santa	Fe	 -0.07	 0.35	 1.03	 2.61	 -0.07	 0.35	 1.03	 		2.62	
2	 Priscu	 	0.67	 0.77	 0.58	 0.73	 	0.72	 0.77	 0.53	 		0.66	
3	 Lawson	 	0.47	 0.90	 0.72	 1.37	 	0.54	 0.89	 0.68	 		1.31	
4	 House	 	0.60	 0.76	 0.63	 0.19	 	0.74	 0.80	 0.51	 		0.15	
5	 Andersen	 	0.61	 0.85	 0.63	 0.94	 	0.82	 0.86	 0.42	 		0.61	
6	 Green	 	0.20	 0.95	 0.89	 -2.12	 	0.30	 0.95	 0.84	 -1.75	
7	 Canada	 	0.55	 0.93	 0.67	 2.06	 	0.85	 0.93	 0.39	 		1.41	
8	 Delta	 	0.84	 0.88	 0.40	 0.32	 	0.47	 0.87	 0.72	 	-0.18	
9	 Crescent	 	0.22	 0.60	 0.88	 0.55	 	0.37	 0.56	 0.79	 		0.46	
10	 Huey	 -0.27	 0.74	 1.13	 0.40	 -0.03	 0.83	 1.01	 	0.37	
11	 Aiken	 -0.39	 0.75	 1.18	 3.03	 -0.35	 0.81	 1.16	 	3.01	
12	 Von	Guerard	 -0.54	 0.64	 1.24	 1.04	 -0.54	 0.64	 1.24	 	1.04	
13	 Harnish	 -0.37	 0.65	 1.17	 0.45	 -0.36	 0.63	 1.17	 	0.45	
14	 Lost	Seal	 	0.37	 0.76	 0.79	 2.42	 	0.73	 0.76	 0.52	 	1.38	
15	 Commonwealth	 	0.17	 0.77	 0.91	 3.61	 	0.52	 0.78	 0.69	 	2.91	
	 All	 0.63	 0.77	 0.60	 17.62	 0.79	 0.84	 0.45	 12.71	









		 Commonwealth	 Howard	 Canada	 Taylor	 All	
		 αMOD	 αSTA	 αMOD	 αSTA	 αMOD	 αSTA	 αMOD	 αSTA	 αMOD	 αSTA	
Mean	 0.57	 0.71	 0.51	 0.76	 0.53	 0.65	 0.55	 0.61	 0.54	 0.68	
-7%	 0.53	 0.66	 0.47	 0.71	 0.49	 0.60	 0.51	 0.57	 0.50	 0.63	
Diff.	 -0.04	 -0.05	 -0.04	 -0.05	 -0.04	 -0.05	 -0.04	 -0.04	 -0.04	 -0.05	
-30%	 0.40	 0.50	 0.35	 0.53	 0.37	 0.45	 0.39	 0.43	 0.38	 0.48	
Diff.	 0.17	 0.21	 0.15	 0.23	 0.16	 0.19	 0.17	 0.18	 0.16	 0.20	
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Figure	B.2	Results	showing	the	addition	of	+20	W	m2	to	net	radiation	(M5)	at	Priscu	
Stream	during	the	2009	water	year	(A)	and	across	Taylor	Valley	(B).	 	
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Appendix	C:	Streamflow	Data	Quality	
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Figure	C.1	Streamflow	data	quality	codes	for	gauged	Taylor	Valley	streams.	A	rating	of	
‘good’	indicates	most	data	are	within	10%,	a	rating	of	‘fair’	indicates	most	data	are	
accurate	within	25%,	a	rating	of	‘poor’	indicates	that	significant	amounts	of	data	may	be	
>25%	off.	Periods	of	missing	data	are	shown	in	grey.	Stream	gauges	are	not	active	
outside	of	the	summer	season	(November	to	March).	Months	are	labelled	1	to	12	based	
on	water	year	June	to	July.	
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Appendix	D:	Lake	Model	Supplemental	Information	
	
	
	
Figure	D.1	Lake	height-area	and	volume-area	relationship	plots.	Thin	black	dotted	line	
shows	the	approximate	lake	surface	elevations	(based	on	1995	survey).	
	
	
Figure	D.2	Longitudinal	profile	of	Taylor	Valley.	Approximate	lake	surface	elevations	
(based	on	1995	survey)	are	shown.	
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Figure	D.3	Maps	showing	the	standard	deviation	of	LIDAR	(collected	austral	summer	
2014-15)	elevations	for	each	lake	(A-C)	and	satellite	imagery	(Sentinel)	of	each	lake	
surface	from	November	15,	2008.	Black	outline	marks	zone	used	to	calculate	a	mean	
surface	roughness	value	for	each	lake.	 	
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Appendix	E:	Climate	Summary	
 	
Figure	E.1	Summary	of	mean	summer	(DJF)	climate	for	Bonney	(black),	Hoare	(red),	
Fryxell	(blue)	lake	meteorological	stations.	Meteorological	variables	based	on	
MICROMET.	
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Figure	E.2	Summary	of	mean	summer	(DJF)	climate	for	Taylor	(black),	Canada	(red),	
Commonwealth	(blue),	and	Howard	(cyan)	glacier	meteorological	stations.	
Meteorological	variables	based	on	MICROMET.	
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Figure	E.3	Summary	of	mean	summer	(DJF)	station	albedo,	MODIS	albedo,	cloud	cover	
(based	on	MODIS),	MICROMET	incoming	short-	and	long-wave	radiation	for	Taylor	
(black),	Canada	(red),	Commonwealth	(blue),	and	Howard	(cyan)	glacier	meteorological	
stations.	
